Abstract: Neuroendocrine tumors (NETs) are rare cancers with an associated prolonged survival in some patients. A proportion of patients diagnosed with NETs will present with carcinoid syndrome symptoms, characterized by diarrhea, flushing and/or wheezing. This review summarizes the current treatment options for carcinoid syndrome, focusing on the latest novel treatment option, telotristat ethyl. In addition, information on patient-reported outcomes and impact of carcinoid syndrome on quality of life (QOL) and improvement of following treatment with telotristat ethyl are reviewed. This article also provides an overview of the current QOL questionnaires for patients with NETs and addresses unmet needs in this field of patient-reported outcomes.
Introduction
Neuroendocrine neoplasms (NENs) arise from enterochromaffin cells. Gastroentero-pancreatic (GEP) NENs are the most frequent origin (incidence rate of 3.56 per 100 000 population/year), followed by lung (incidence rate of 1.49 per 100 000) and unknown primary (incidence rate of 0.84 per 100 000). 1, 2 NENs can be classified according to different features (Table 1) . Based on the most updated WHO classification, NENs are divided into well-differentiated (neuroendocrine tumors (NET)) or poorly differentiated (neuroendocrine carcinomas) based on morphology. 3 In addition, they are categorized as grade 1 (<3%), grade 2 (3-20%) or grade 3 (>20%) according to the Ki67 proliferation index. 3 NENs can also be classified as functioning or nonfunctioning based on their hormonal secretion status. 4 
Carcinoid syndrome
Although a variety of hormone secretion-related syndromes are described, carcinoid syndrome represents the most frequent one for NENs. Carcinoid syndrome comprises a set of symptoms such as diarrhea, abdominal pain or abdominal cramping, flushing episodes and bronchospasm ( Figure 1 ). In addition, chronic complications such as endocardial fibrosis, leading to carcinoid heart disease, and mesenteric fibrosis can arise. Carcinoid syndrome affects approximately 18.6% of all patients with NETs, according to the Surveillance, Epidemiology and End Results database, and most commonly is associated with gastrointestinal and bronchopulmonary origin. 5 Most patients with clinically evident carcinoid syndrome have liver metastases. In contrast, patients diagnosed with lung NETs may develop carcinoid syndrome in the absence of liver metastases due to direct access of the hormones to the general circulation, avoiding portal circulation and, ultimately, liver metabolism.
Serotonin has been identified as the main agent involved in carcinoid syndrome symptoms; overproduction of serotonin stimulates intestinal motility causing diarrhea and abdominal pain, and also stimulates fibroblast growth factor receptors, leading to heart valve and peritoneal fibrosis. Carcinoid syndrome may also be due to secretion of other hormones, such as substance P, neurotensin, prostaglandins, tachykinins and kallikrein. The latter is a potent vasodilator, and its presence has been linked to flushing. 6, 7 The fibroblast growth factor pathway is highly activated in NETs with carcinoid syndrome as a consequence of serotonin release. This leads mainly to mesenteric and heart valve fibrosis, with fibrosis of other areas reported less frequently. 8, 9 The exact mechanism underlying carcinoid heart disease is not completely understood. 10 Chronic exposure of cardiac endothelium to serotonin is the main hypothesis; in fact, increased 5-hydroxyindoleacetic acid (5-HIAA), a metabolite of serotonin, levels have been correlated with increased carcinoid heart disease severity. 11, 12 In addition, the presence of tachykinins, neurokinin A or substance P has also been associated with the development of carcinoid heart disease. 8, 13 Fibrosis of heart valves induces thickening and retraction of the valve cusps, leading to insufficient coaptation and regurgitation, especially of right heart valves. Due to an increment of pressure in the right cavities, patients develop right heart failure. Development of carcinoid heart disease is a late event in patients with carcinoid syndrome, and patients are usually asymptomatic until very advanced stages when they present with right heart failure-related symptoms. In order to increase awareness and early diagnosis, current guidelines suggest screening and follow-up of patients with carcinoid syndrome for carcinoid heart disease. 4, 9, [14] [15] [16] It has been suggested that treatment inducing a reduction of serotonin levels may stop and/or prevent heart valve deterioration. Unfortunately, there is limited evidence available regarding treatments with the capacity to change the natural history of carcinoid heart disease. Mesenteric fibrosis commonly develops around the primary tumor, secondary to a desmoplastic reaction. This fibrosis can lead to a complete obstruction or a volvulus and less frequently to mesenteric ischemia. The mechanism underlying this condition is presumed to be similar to those underlying carcinoid heart disease; thus, it is hypothesized that reduction in serotonin levels may prevent this complication. 8, 9 Patients diagnosed with NENs and carcinoid syndrome are known to report worse quality of life (QOL) compared to the general population as several surveys have shown. [17] [18] [19] [20] For patients with carcinoid syndrome, diarrhea and flushing seem to be the most limiting symptoms; patients who reported a greater average number of bowel movements per day or more flushing episodes had worse scores in the QOL scales. 17, 21 Within the population of patients with carcinoid syndrome, data suggest that the intensity of carcinoid symptoms is directly associated with QOL. Those patients with 4 or more bowel movements per day and those patients with any flushing episode in a 2-week period are the ones with a worse QOL. 17, 21 A recent survey assessing NETrelated QOL was developed by a patient association and was answered by a total number of 1928 patients diagnosed with NETs. Results confirmed that the most frequent symptoms were fatigue, diarrhea, abdominal pain/cramping and flushing. Most patients (71%) reported a moderate to substantial negative impact of the disease on their daily life. Energy levels, emotional health, ability to participate in leisure activities and social life and ability to care for family or finances were particularly affected.
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Treatment of refractory carcinoid syndrome
Due to the impact on patients' long-term complications and QOL, it is important to achieve adequate control of carcinoid syndrome. Symptomatic control of diarrhea with antidiarrheal agents, such as loperamide, codeine or atropine/diphenoxylate, has been used with variable efficacy. Ondansetron, a serotonin receptor agonist usually employed for the treatment of chemotherapy-related nausea and vomiting, has been explored in carcinoid syndrome because of its action mechanism. There are some studies with promising results, but the number of patients included is too small to draw definitive conclusions. 24, 25 In addition to the symptomatic management mentioned above, somatostatin analogs (SSA) are the first-line treatment recommended by international guidelines for patients with advanced functioning NETs, especially for those with carcinoid syndrome. 26 Two long-acting SSAs are available, octreotide LAR and lanreotide Autogel. In addition, there are short-acting octreotide formulations that can be employed as "rescue" treatment to help with symptomatic control. The rate of improvement of carcinoid syndrome-related symptoms with SSAs has been reported to be high: around 70% for unselected populations 9, 10, 27, 28 (symptoms control rates of 74.2% for octreotide and 67.5% for lanreotide have been described in a pooled data analysis) 29 , and around 50% for patients with "highly functioning" carcinoid syndrome. 11, [30] [31] [32] The converse of this is that some patients have limited or no benefit from SSAs in symptom improvement, thus requiring alternative strategies (primary resistance). Moreover, a proportion of patients may develop worsening symptoms despite initial response to SSAs and would therefore also benefit from additional treatment (secondary resistance). Resistance mechanisms to SSAs are not completely understood. Several mechanisms have been described, such as tachyphylaxis as a consequence of downregulation of somatostatin receptors (SSTRs), mutations in the SSTR or in regulatory proteins (amphiphysin IIb), antibody formation against SSAs, alternative pathways activation and truncated SSTR variants. [33] [34] [35] [36] Strategies for management of refractory carcinoid syndrome can be divided into two main groups: local and systemic approaches. Figure 2 provides an overview of the evidence supporting each one of these potential treatment options.
Local strategies with the aim of reducing liver disease burden (ie debulking surgery or liver arterial embolization) for symptomatic relief can be pursued in selected patients. 1, 34 Systemic alternatives have been investigated as follows:
• In SSA refractory carcinoid syndrome, dose escalation or shortening the interval between injections could be an alternative, even though supporting evidence is of limited quality. [37] [38] [39] The development of novel SSAs to date (ie pasireotide) has been disappointing in this scenario. Standard SSAs target mainly SSTR subtype 2 (SSTR2); on the contrary, pasireotide is a novel SSA with high binding affinity to four of the five known SSTR subtypes (1, 2, 3 and 5) . This was the rationale for testing pasireotide in patients with refractory NETs. Unfortunately, results have not shown a significant improvement in either symptomatic relief 40, 41 or tumor growth control, 42, 43 and its development is currently on hold in this indication.
• Alpha-interferon is an immunomodulatory drug that has been used in patients with NETs for many years.
It has a role in the relief of carcinoid symptoms, by reducing both diarrhea and flushing. [44] [45] [46] [47] [48] [49] [50] This benefit seems to correlate with a reduction in urinary 5-HIAA levels. Benefit for tumor growth control has also been reported. 51 The toxicity profile includes flu-like symptoms, depression, tiredness and leukopenia.
• The role of targeted therapies such as everolimus [52] [53] [54] [55] [56] or sunitinib 57 in the treatment of carcinoid syndrome has not been confirmed in prospective studies, and their use for symptomatic management remains controversial. In addition, due to the limited response to chemotherapy in patients with intestinal well-differentiated NETs, chemotherapy has limited activity in this setting. [58] [59] [60] [61] [62] [63] Currently, the most promising alternatives in the treatment of carcinoid syndrome include peptide receptor radionuclide therapy (PRRT) 64, 65 and inhibitors of serotonin synthesis (ie telotristat ethyl). A QOL analysis from the pivotal trial with PRRT reported that the overall time to deterioration (TTD) of symptoms was significantly longer in the PRRT arm compared with the octreotide arm with 22.7-month difference in median TTD between both arms (HR=0.41), including time to worsening diarrhea (HR=0.473). Table 2 provides more information about the efficacy of these treatments in the control of carcinoid syndrome as well as their impact on the QOL.
The remaining of this review will be focused on the role of telotristat ethyl for management of carcinoid syndrome.
Metabolism of serotonin
L-tryptophan, precursor of serotonin, is sequentially processed by two enzymes: tryptophan hydroxylase (TPH) and aromatic amino acid decarboxylase. Catalyzation by TPH is the rate-limiting step in serotonin synthesis. This enzyme is encoded by two different genes: TPH1 (expressed mainly in enterochromaffin cells in the gastrointestinal tract, and in the pineal gland) and TPH2 (present in the central nervous system and in the enteric nervous system). [66] [67] [68] Serotonin regulates gut function including bowel motility and secretion; it also controls satiety and nausea. In addition, it participates in other multiple body homeostasis mechanisms ( Figure 3 ) including but not limited to platelet aggregation, erythropoiesis, immune response, temperature regulation, circadian rhythmicity and mood. It also influences insulin regulation, bone mass control, adipocyte differentiation, liver regeneration and fibrosis. 66, 67 Up to 90% of serotonin levels come from the gastrointestinal system, from where serotonin is released into the bloodstream and stored inside platelets. Excess serotonin is degraded into 5-HIAA; this serotonin metabolite is predominantly excreted in the urine. 66, 67 Therefore, overproduction of serotonin by NETs results in elevated systemic levels of serotonin and can be identified by measuring the 5-HIAA urine metabolite. Measurement of 5HIAA in blood (plasma or serum) is also possible.
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Telotristat ethyl
Telotristat ethyl is an orally administered prodrug, which is converted into its active metabolite: telotristat etiprate (or LP-778902). Telotristat etiprate is a potent inhibitor of serotonin synthesis, by inhibiting TPH function, which results in a reduction of the serotonin bloodstream levels. Due to the high structural similarity between both TPH isoforms, TPH1 and TPH2, telotristat etiprate has a similar affinity for both. Telotristat etiprate's high molecular weight prevents it from crossing the brain-blood barrier, thus acquiring a "physiological" selectivity for TPH1. Therefore, telotristat etiprate produces a significant reduction of serotonin concentrations in the intestine 70 without affecting the function of TPH2 isoform, thus without compromising levels of serotonin in the central nervous system.
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Safety profile of telostristat ethyl
Phase I studies in healthy volunteers demonstrated that telotristat ethyl reduced serotonin production and decreased urinary 5-HIAA, with an adequate safety profile. Depression and other psychiatric syndromes were considered adverse events of special interest in these studies due to previous experience with serotonin inhibitors; 72 with telotristat ethyl, no neurologic or psychiatric side effects were observed. 73, 74 Two phase II clinical trials explored the safety of telotristat ethyl in patients diagnosed with refractory carcinoid syndrome. Both trials shared a similar design: single-arm, open-label, dose escalating studies. Overall, treatment was well tolerated, with the most frequently reported adverse events being mild gastrointestinal symptoms and mild hepatic impairment. Only one case of depression was reported in a patient with a previous diagnosis of anxiety disorder. 75, 76 This favorable toxicity profile was confirmed in phase III studies. 77, 78 Pivotal phase III trials confirmed this favorable safety profile of telotristat ethyl. More frequently reported adverse events were related to the gastrointestinal tract (diarrhea, nausea, vomiting, constipation, abdominal distension, abdominal pain, dyspepsia) and were mainly classified as mild or moderate grade. Increase in hepatic enzymes, especially in gamma-glutamyl transferase, was reported mainly in telotristat ethyl arms. Although depression incidence in the TELECAST trial was similar across groups, in the TELESTAR, more cases were reported in telotristat ethyl 500-mg group compared with the placebo and 250-mg groups. 74, 75 The incidence of treatment discontinuation secondary to adverse events was 6.7% in each telotristat ethyl group in the TELESTAR trial and 8% in the TELECAST trial. Two deaths in the telotristat ethyl groups and three in the placebo group were reported in the TELESTAR trial (in the setting of advanced disease), whereas none were reported in the TELECAST trial.
During the OLE period, overall adverse events and incidence of treatment discontinuation were similar, regardless of the increased exposure to telotristat ethyl due to crossover from placebo to telotristat ethyl and due to the increased dose of telotristat ethyl from 250 mg to 500 mg. Number of functioning tumors included unknown.
21% patients experience partial symptom control (did not achieve primary aim: In addition, a post-hoc meta-analysis of patients included in both trials was performed to examine the efficacy and safety of telotristat ethyl in combination with lanreotide. The median duration of treatment was similar across treatment groups, being treatment withdrawal rate secondary to adverse events low. Although 60% and 80% of treatmentrelated adverse events rates were reported in the telotristat ethyl 250 and 500 mg groups , respectively. 79 
Efficacy of telostristat ethyl
Efficacy of telotristat ethyl was assessed in two pivotal phase III clinical trials: TELESTAR and TELECAST. 77, 78 These multicenter, randomized, placebo-controlled trials included patients with uncontrolled carcinoid syndrome.
Patients were randomized (1:1:1) to receive placebo or telotristat ethyl 250 mg or 500 mg 3 times per day. The main characteristics of the design of these two clinical trials are summarized in Table 3 . Both studies had a 12-week double-blind treatment period followed by a 36-week openlabel extension, followed by an expansion phase: TELEPATH study. The primary objective of TELEPATH was to assess the long-term safety of telotristat ethyl; secondary objectives included the impact on patients' QOL. Final results have not been reported yet. 80 Both the TELESTAR and TELECAST studies recruited patients with refractory carcinoid syndrome, but definition of "refractory" differed between these studies. 77, 78 The TELESTAR clinical trial recruited patients with a minimum of 4 bowel movements per day, despite adequate SSAs, thus focusing on refractory carcinoid syndrome-related diarrhea.
In contrast, the TELECAST study allowed the recruitment of patients with carcinoid syndrome (diarrhea, flushing, abdominal pain, nausea or elevated u5-HIAA) with <4 bowel movements per day on SSAs (or ≥1 symptom or ≥4 bowel movements per day, if not on SSAs). The TELESTAR clinical trial reported a significant reduction in daily bowel movements in those patients treated with telotristat ethyl, with a daily bowel movement reduction equivalent to 30% from baseline (Table 4 ) (absolute mean reduction in number of daily bowel movements from baseline (mean 6.09) to week 12 (mean 4.24) was −1.7 with telotristat ethyl 250 mg three times per day), together with a significant reduction of urinary 5-HIAA levels. 77 This led to the approval of telotristat ethyl for refractory carcinoid syndrome-related diarrhea. 70 The study failed to show a statistically significant improvement in flushing (p-value 0.39 with telotristat ethyl 250 mg three times per day) which is likely explained as follows: 1) the study was not properly powered for identifying differences in terms of flushing; 2) the low rate of patients (total of 38.5% of the whole population recruited into the TELESTAR study) who reported ≥2 episodes of flushing/day limited even further the power to identify such differences; and 3) flushing is known not be driven by serotonin alone but by a combination of other hormones such as substance P, prostaglandins, tachykinins and kallikrein, [81] [82] [83] therefore serotonin production decrease may not be enough to control flushing in all the patients with carcinoid syndrome. The TELECAST study provided confirmatory data about efficacy and safety of telotristat ethyl in a different scenario, as mentioned above. In addition, a significant reduction in urinary 5-HIAA levels and number of daily bowel movements was identified. Patients randomized to 500 mg telotristat ethyl experienced an improvement in stool consistency. No statistically significant improvement was seen in flushing, abdominal pain or requirement of rescue SSAs. 78 Impact of telotristat ethyl on carcinoid heart disease and mesenteric fibrosis There are little data available regarding the impact of telotristat ethyl on carcinoid heart disease and mesenteric fibrosis. Two of the patients recruited into the TELESTAR clinical trial with known carcinoid heart disease had no worsening of fibrosis of heart valves on follow-up echocardiograms. 9, 10 No data on the impact of mesenteric fibrosis are available.
Clinical benefit from telotristat ethyl
Symptom improvement and QOL have been end points of special interest in the telotristat ethyl clinical trials, especially in phase III studies. These parameters have been assessed through different methods such as interviews, diaries and questionnaires, being the main rationale to understand the impact of reduction of bowel movements on patients' QoL. Both phase II trials collected symptoms daily through an interactive voice system (IVS). 75 questionnaires. Symptom assessment focused on the most relevant carcinoid syndrome-related symptoms such as diarrhea (bowel movements per day) and flushing and also on other aspects of interest such as stool consistency (graduated by Bristol Stool form Scale), urgency to defecate, abdominal pain and nausea. In addition, other subjective parameters exploring the impact of treatment on subjective global assessment of symptoms associated with carcinoid syndrome, adequate relief of gastrointestinal symptoms of carcinoid syndrome and need to self-administer short-acting SSA rescue therapy were also explored.
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Symptom relief with telotristat ethyl: patient interviews
In addition to the predefined diaries for collection of objective measures such as number of bowel movements, alternative data collection tools were required to assess subjective aspects. Interview format for symptom assessment was used as an attempt to optimize symptom capture and their impact on patients' daily life. The first approach included 11 patients from the above mentioned phase II clinical trials. 84 Only 4 out of these 11 patients were receiving telotristat ethyl at the time of the interview (the rest had already stopped the treatment); thus, low recall accuracy and bias cannot be completely excluded in this scenario due to the long gap between treatment and interview. At a later stage, a study with a similar design, based on telephonic interviews, was performed. This study included patients from the TELESTAR trial, and interviews were performed at the end of the trial (2 weeks after the end-oftreatment visit, approximately). This design reduced the risk of recall bias and also included a larger sample size (35 patients). 85 These interviews provided a reflection on the health problems experienced by patients with carcinoid syndrome, together with the impact of these on their lives. These interviews reported that the number of bowel movements per day was an adequate end point for clinical trials exploring carcinoid syndrome, which was highlighted as the most bothersome symptom and, therefore, the most important symptom to relieve. 84, 85 In addition, urgency was another of the most commonly reported symptoms. 84, 85 Fatigue was an important issue too, which was graded as severe in most of the cases. Even though it was associated with the disease itself, some participants perceived that sleep interruptions related to diarrhea also influenced their energy levels. 84 Abdominal pain or cramps and flushing episodes were frequently reported, but were not considered as relevant as diarrhea-related problems by patients. 84 This did not match with previous data reported by Pearman and colleagues exploring health-related QOL in NET patients, in which the presence of flushing episodes was a significant concern for patients, and the greater the number the episodes, the poorer the QOL. 21 This discrepancy is likely to reflect variability in personal experience, since the impact of flushing depends significantly on the lifestyle and working environment of each patient, while the impact of diarrhea may affect every patient in a more homogeneous way. Lately, weight loss is a frequent concern in patients with carcinoid syndrome, and it was evaluated as an exploratory analysis in the TELESTAR trial. At 12 weeks, weight gain ≥3% was achieved in both telotristat ethyl groups. This increase was statistically significantly superior to the weight gain in the placebo group. Furthermore, patients who put on weight also had an improvement in nutritional parameters and patient-reported outcomes. 86 
Patients perception of symptom improvement with telotristat ethyl
One of the phase II studies collected patient-reported data regarding "adequate relief of symptoms" on a weekly basis during the 4-week active treatment period. 76 Data were available for 80 of the 92 weekly patient assessments. During this period, 56% of the patients on treatment with telotristat ethyl reported adequate relief at least in one or more of the weekly time points, whereas no patients in the placebo arm did so. At the end of the blinded treatment period (week 4), 6 of the 13 patients (46%) on telotristat ethyl who completed the "adequate-relief" assessment reported substantial relief of symptoms.
Impact of telotristat ethyl on QOL: QOL questionnaires
The TELESTAR and TELECAST clinical trials employed the European Organisation for Research and Treatment of Cancer (EORTC) QLQ-C30 questionnaire (combined with the EORTC QLQ-GI.NET21 questionnaire) as the QOL assessment tool. 75, 76 The EORTC QLQ-C30 questionnaire was designed for patients with cancer and is useful for most of the cancer subtypes. In contrast, it may not be adequate for patients with a NET diagnosis. 87 To address this issue, the EORTC QLQ-GI.NET21 (specifically designed for patients with a NET diagnosis) was also employed. Unfortunately, these two questionnaires combined only provide 1 question regarding diarrhea and 3 regarding other abdominal symptoms (pain, flatulence, bloating); thus, information collected is likely to be limited in patients for whom diarrhea, stool consistency and urgency are of relevance. The TELESTAR study employed the EORTC QLQ-C30/QLQ-GI.NET21 questionnaire. According to this questionnaire, only modest improvements in overall QOL were reported in patients classified as responders, compared with nonresponders in all three treatment arms. When the diarrhea subscale was explored in detail, significant improvements in both arms randomized to telotristat ethyl compared to the placebo arm were identified. The TELECAST trial QOL results have not been reported yet. 77, 78 The TELEPATH trial (NTC02026063) is expected to provide more information regarding the impact of telotristat ethyl in terms of QOL, especially in the long term.
Selection of patients for treatment with telotristat ethyl
Based on available phase III data, telotristat ethyl is approved for treatment of refractory carcinoid-syndrome diarrhea. According to clinical trial inclusion criteria, patients with a minimum of 4 daily bowel movements would be the patient population to benefit from this treatment. The licensed dose of telotristat ethyl is 250 mg three times daily. Dose adjustment is indicated in hepatic impairment. 70 It is of critical importance to identify whether the diarrhea that is intended to be treated is related to carcinoid syndrome. Such diagnosis may be confirmed by the presence of concomitant increased 5-HIAA, if other differentials have been ruled out. However, it is important to acknowledge that this was not a required criterion for entry into the TELESTAR clinical trial, and that the presence of carcinoid syndrome in the absence of raised 5-HIAA has been described. [88] [89] [90] Hence, other causes for refractory diarrhea should be excluded before starting treatment with telotristat ethyl. This includes, but is not limited to fat malabsorption (including SSA-induced pancreatic exocrine insufficiency), 20 bile acid malabsorption, enteric pathogens (parasites or Clostridium difficile), short bowel syndrome or malignancy.
Challenges for assessment of symptoms and QOL in patients with carcinoid syndrome
Interview studies previously detailed 84, 85 have shown how interview-like tools are more likely to provide granularity on symptom improvement, especially for scenarios such as carcinoid syndrome when symptoms and their impact on patients' daily activities are multifactorial and vary according to patients characteristics. Unfortunately, such interviews require adequate resourcing, which for large phase III studies imply high cost, if the aim is to interview every patient included within the study. Restricting these interviews to a selected population may, however, introduce selection bias and it is therefore likely not to solve this problem. Therefore, access to more simple and user-friendly tools for measuring the impact of treatment on patients QOL and daily symptoms is required. Due to the complexity of carcinoid syndrome, it may not be adequate to use the already available questionnaires designed for patients with cancer or irritable bowel syndrome, especially due to confounding factors such as, other concomitant medications and their side effects. One example may be SSA-induced steatorrhea, which is recorded in the currently available QOL questionnaires, as diarrhea, and in the setting of carcinoid syndrome, may be incorrectly labeled as worsening carcinoid syndrome with lack of benefit from treatment.
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Patients' perceptions and discrepancies with those of health care professionals
Patients' perceptions regarding the disease and its impact are important factors to consider. Various patient surveys explored different aspects of the diagnosis, treatment, information and daily life in patients with NETs. Delayed diagnosis and multiple doctor visits in the period of the onset of symptoms were identified as frequent concerns. In addition, patients describe difficulties in accessing centers with NET expertise as well as reliable information sources. 22, 23, 91 An additional significant issue is how health care professionals perceive the disease/symptoms and what their definition of adequate symptom control and satisfactory QOL is. In a study by Goldstein et al patients, caregivers and health care professionals (doctors) participated in a survey and results reported a difference between the physician and patient perception of the disease and its impact on patient daily life and the patient experience. 92 More than 50% of patients considered that it was hard to live with symptoms of carcinoid syndrome, whereas less than 25% of doctors thought this. A different perception was also reported in the frequency and severity of symptoms. Patients and caregivers reported higher severity of symptoms and increased frequency compared to healthcare providers' assessments. These results highlight the relevance of patient-reported outcomes and QOL measurement in clinical trials, and the importance of these being collected to provide insight regarding patient significant aspects of the disease being studied.
QOL in patients with NETs: currently available questionnaires and challenges
In general, QOL in patients with cancer is significantly affected. 93, 94 Such negative impact may be even more relevant in patients with NETs, especially in the population of patients with carcinoid syndrome (compared to nonfunctioning tumors). In a recent prospective observational study assessing QOL at baseline in patients starting treatment with SSAs, patients with functioning tumors had higher symptom severity in all symptoms/scales (derived from EORTC QLQ-30/QLQ-GI.NET21), with the exception of constipation and treatmentrelated symptoms, than patients with nonfunctioning NETs.
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In addition, patients with nonfunctioning tumors had higher baseline global health status and functioning scores reflecting a worse QOL in this second group of patients. 20 Other studies have also shown similar findings.
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As mentioned above, QOL is already affected in patients with carcinoid syndrome, and taking into account the prolonged survival expected in this patient population, new therapies to improve QOL are required. 95, 96 Despite the increasing awareness of health-related QOL in drug evaluation, QOL is usually considered a secondary end point. Thus, studies are not appropriately powered for this assessment. In addition, different QOL assessment tools have been used in NET studies. Three systematic reviews have addressed this issue and identified up to 29 different questionnaires in NET research. 95, 97, 98 A summary of these is provided in Figure 4 and the most relevant ones are discussed in this section. The EORTC QLQ-C30 is the most widely employed instrument. It was developed in 1997 based on a modification of the original EORTC QLQ-C36, and it is a generic tool for measurement of QOL in patients with cancer. It has been validated in the most common tumors. 95, 97, 99, 100 It comprises 30 items which are assessed on a 0-100 scale: five functional scales, nine symptom scales and a global health status scale. Higher scores in the global health scale and in the functional scales are associated with a better functioning level, whereas higher score in the other scales means worse symptomatic control ( Figure 5 patients. 95, 99, 101, 102 The other limitation, as already mentioned, is that the combined EORTC QLQ-C30/QLQ-GI. NET21 only includes 1 question regarding diarrhea and 3 regarding other abdominal symptoms; thus, its relevance for applicability to carcinoid syndrome may be limited. The Norfolk QLQ-NET was designed to specifically assess QOL in patients with NETs. It was developed in 2004 with the objective of assessing symptoms and their impact on physical and psychological functioning. 103 It encompasses eleven symptoms and measures the frequency and severity of every one of them: flushing, rash, wheezing, coughing, cyanosis, telangiectasia, diarrhea/constipation, fatigue, joint/bone pain and other pain. It also measures dysfunction in daily activities, work capacity, family life and psychosocial activities ( Figure 5 ). 99, 103 A direct comparison of these two scales (EORTC QLQ-C30/GINET21 and Norfolk QLQ-NET) was performed in a sample of 29 patients to assess the correlation between both tools. 99 Results showed a strong correlation in the total scores and in all domains, except for the cardiovascular domain. The Norfolk QOL-NET questionnaire seemed to assess better flushing and respiratory and cardiovascular symptoms than the EORTC QLQ-C30/ GINET21. Despite this, EORTC QLQ-C30/GINET21 remains the tool of preference for clinical trials, one of the reasons being that the Norfolk QLQ-NET is only available in the English language.
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Future directions
Ongoing studies are likely to provide data on long-term safety and efficacy from telotristat ethyl in patients with carcinoid syndrome. In addition, the utility of telotristat ethyl in the first-line setting will be explored concomitantly with SSAs in patients with high functioning carcinoid syndrome with diarrhea (so-called the TELEFIRST study). 104 The role of telotristat ethyl for prevention/control of carcinoid heart disease and mesenteric fibrosis remains unknown, but may be clarified in the near future as we gain further experience with telotristat ethyl. In addition, the impact of telotristat ethyl in the management of other symptoms, such as flushing and its role for patients with less than 4 bowel movements per day remains unclear.
Mismatching information regarding the potential role of serotonin as a pro-proliferative molecule is available. Even though the effect of serotonin as a molecule involved in proliferation has been reported in small cell lung cancer, prostate cancer, bladder cancer, 105 pancreatic cancer, 106 biliary tract cancer 107 and NETs, 105, [108] [109] [110] an antitumor effect has also been postulated in view of its vasoconstrictor effect. 111 In view of preliminary results supporting the antitumor effect of • Treatment-related worries:
• Disease-related worries:
• • Interference of symptoms in daily activities : sleep-disturbance, food-habits, bathing/showering, dressing, walking.
• Interference of physical /emotional status in daily activities, work or social activities.
• Figure 5 QOL assessment tools. This figure summarizes the main available tools for quality of life assessment in patients with NETs. The EORTC developed a questionnaire to assess health-related quality of life in patient with cancer. Items included and corresponding scores are detailed above. 100 The GINET.21 is a supplement of the EORTC QLQ-C30 questionnaire elaborated to improve symptoms evaluation in patients with NETs. It comprises the items presented above. 102 The Norfolk QLQ-NET is a broad questionnaire, designed to assess health-related quality of life in patients with NETs only. The figure collected items included and scores. telotristat ethyl in cholangiocarcinoma, 107 an open-label phase 2 trial assessing the safety and efficacy of the combination of chemotherapy (cisplatin and gemcitabine) plus telotristat ethyl in first-line setting in a patient with locally advanced unresectable or metastatic cholangiocarcinoma is ongoing (NCT03790111). No evidence of antitumor effect of telotristat ethyl in NETs is available as yet.
Conclusions
Current treatments available provide adequate control of carcinoid syndrome-related symptoms for the majority, but not for all patients affected by this disease. Telotristat ethyl has been shown to significantly reduce the number of daily bowel movements in patients with a minimum of 4 bowel movements per day, despite adequate treatment with SSAs. The impact on QOL has resulted in an improvement in patientreported diarrhea, and a significant number of patients report "adequate symptom relief". Unfortunately, current tools for capturing patient-reported outcomes in NETs have limitations. Future studies will also aim to clarify the impact of telotristat ethyl on carcinoid heart disease and mesenteric fibrosis. 
